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] Thit letter to COver ON@ cuatomes nd ONe Bubisct only.

This letter Is to comment on and outiine the etfort that would be involved to use finite

element analysis (FEA) to produce an improved burner design. In summary, it was

concludad that FEA would be very difficult and expensive to use. The cost ofa

complex analysis may be a significant portion of the cost of the burners themgelves
. and may still not provide realistic encugh results.

The following paragraphs discuss some important aspects.

.~ EAILURE MECHANISM

The primary concern Is the binding of moving parts (8.0, registers) caused by piate

distortion and attachment weld tailures. Both the distortion and the weld fallures result

_ = $rem forarhigh thermal differentials at very hl?h temperaturas. It is possible that some. -
portions of the burner could have exper enced temperaturas over 1800F, -

L
]

" Plate distortion results from soms or all of the following:

1. Elastic buck"lng folloWed by plasticity (ylelding) to produce permanent
~ deformation.

2. Elastic buckling followed by creep strain to produce permanent deformation.

3. Progressive magnification of as-manufactured imperfections (e.g., built-In
waviness) by creep strain.

4. Inelastic (creep and/or ylelding) straln due to thermal stress.

The differences between thess mechanisms meay appear subtle but their analysis
requires some very different modeling) approaches.

® THERMAL ANALYSIS

1n order to solve for the thermal streases in a structurs, a definition of the temperature
distribution over the whole structure I3 re%uired. For this partioular analysis, this
fundamental raguirement may be the most important and difficult to satisfy.
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Although not recommended, one ap_proéeh would be all-analytical. Thers would be
two modes of heat transfer to quantty: :

Convection fitm coefficients would be very difficult o establish. A knowledge of
the local air velocities throughout the model would be essential.

Radiation heat transfer would be even more difficult to characterize. For
comparison, it has taken years and heawy effort to establish the properties of
radiation on membraned wall geometriea. In addition, radiation to a burner is
inge ?oTplzeB because it is a 3-D problem, while a membraned wall gsometry
s basically 2-D. |

Without verification by measurement of temperatures, an analytical solution could
~ contain a large error,

Another agproach would be to measure many temperatures at various locations on
burner sub-compenents. Then %y irtarpolation, the temparatures for the remainder of
the geometry could be calculated. Afthough the measurement of the temperature
distribution could have its own set of problems, this approach is considered more
reliable than an all-analytical approach.

MATERIAL PROPERTIES

. Material property data including expansion coefficient, modulus of elasticity, yleld
stress, time-independant stress-strain behavior, and créep gtrain vs. time and stress
would be required for a stress analysls, At the very high temperatures involved, this

~ data Is rare or non-existent, i3 is true for thermal properties as well if they would
be required for a thermal anaiysis.)

Another aspect that can be difficult to cope with is the wide statistical scatter of some
of the data when it is avallable.

GEQMETRY.

it is not yet possible to speculate how large the required finite element model might
: be. The burner Is geometrically complex.” For liner elastic structural FEA, this
,  complexity is expensive. However, for slastic buckling and non-linear FEA, this -
. complexity could completely stop an analysis. (In practical application, elastic bucklin
and non-iinear FEA are limited to simple geometries.) How much of the gaometry th
would be n_acessarg to be modeled, and what leve!l of detall, would also depend upon
a hypothesis that identifies the most important thermal differentials.

ANALYSIS CONCEPTION
This section summarizes that procedure that might be uséd to do an analysls.

Becauss of the many uncertainties and assumptions required to complete a FEA it is
not realistic to expect absolute fallure prediction. instead, the analysis would have to

. be comparative Sexlsting ve. proposed). Each configuration would have to ba run
separately. Ideally, any errors due to & faulty assumption would be applied
consistently to sach model.
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The following steps would be necessary to do a FEA:

1, Arrive 8t a hypothesis that Identmés which thermal differentials are most
Important. , e

This narrows the sCope 80 that the probable of success I8 hl?her. FEA can
somstimes be used as a Yiahing expedition® tool, however that is obviously
inefficient and reduces the probabllity of success. :

A qualtative understanding of the problem that would snable this hypothesls
does notyetexist. . .. . . o e e
5 Measure temperatures as discussed above fo determine the complete ~ -
temperature distribution required for & thermal stress analysis.

" Wis concelvable that  faulty thermal distribution could nvalidate a comparative

_analysis as well as an absoluts analysis. ,
" "'3, Detarmine the minimum required model size to.find the elastically caiculated
..thermal stresses, . . ... e e e e S

4 Run a linear elastic FEA and then svaluate the solution validity by checking |
for strosses that are greater than yleld. 'Also chack for validity by estimating
cre?lpbs!tr?tn accumulation. (Assumes sufficient material property date is

~ available.) ]

& “Run a linear slastc buckliing analysls to check for thermal buckling,

~ (Assumes the geometry can ke simplified enough to make this analysis
practical.) o o

6. Make a decision about whather or not non-linear analysis would be

worthwhile. | |

Al four mechanisms mentioned above on p.1 involve a non-linear aspect. Noto
that, If it is necessary to accouint for the non-linear aspects, the cost and the
risk of un-rellability jJump up. Qne rule of thumb that has been used for cost
estimating purposes Is to use a factor of ten times the linear analysis cost to
find the cost of a non-linear analys's. In addition, non-inear analysls modals are
, limited to comparatively simple: ehapes, cylinders, plates, etc. These simple
-1 Sh@PEs may not be adequale o describe the problem.

It Is expected that this comparative asalysls would show that the proposed
_configuration is better. There aro thrae reasons:
1. The proposed burner design includes thicker plato to replace those that
were damaged by distortion. Thicker piate will re:glst bucklin? better because

the eritical Buckiing stress is @ function of t* and t* for flat plaies and cylinders
respectively (Roark, Sth ed., p. 550,558). . R ;. L

2. The proposed burner design utliizes slip-fit connactions in order to minimize
thermal growth restraint and eiiminate the welds that had previously falled.
Thermal stresses will not have a chance to bulld to ths high levels experienced
by the s design.

initid

3. A more heat resistant stainigss alloy ls usad In the proposed design.

o
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FEA Is not a practical approach to producing an improved burner design. The
obstacles are as follows: ‘ _
- 1. A major effort would be recuired In order t0 define the thermal distribution.
2. Material property data may not bhe available,
3. The ansatt‘ys!s may be too complex t0 handle rellably. Non-linear aspects of
creep, plasticity, and large displacements could make the problem impossible to
handile. Complex geomotry cormpounds these difficulties.

4. The cost of an analysis ma‘ be high, It would be a significant fraction of the
cost of & prototype burner itse.

&, Testing a full scale prototype would st be required to vertly FEA results
before committing to design changes.
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